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INTRODUCTION

In the past loose smut in barley, caused by Ustilago nuda (Jens.)
Kell. and Sw., generally speaking, has been considered amenable to
control only by the hot-water treatment. In some barley varieties it
has been controlled, or the percentage of infection greatly reduced, at
times by the use of fornialdehyde or various organic mercury solu-
tions. In 1914, Johnson () reported that a 0.3 per cent solution of
40 per cent formaldehyde (1:320) had reduced loosc smut in barley to
a slicht trace.? In 1918 Humphrey and Potter (4) intimated that
barley loose smut could be controlled or its occurrence reduced by the
usc of formaldehyde. Tisdale ct al. (18) reported in 1923 that formal-
dehyde was as effective as hot water in the control of loose smut in
six varieties of winter barlcy. In 1925 Tisdale et al. (19) rcported
that satisfactory control of loose smut in Wisconsin Winter, Orel, and
Tennessce Winter barleys had followed the use of organic mercury
solutions. Rodenhiser and Stakinan (74) reported in 1925 that they
had reduced loose smut of barley from 7 per cent to a trace by the use
of organic mercury solutions at 45° C. In 1926 Conners (1) reported
that organic mercury solutions at ordinary temperatures failed to con-
trol loose smut in Junior (hull-less) barley and only partly controlied
it at 45° C., but that the modified hot-water treatment eliminated it.
Kirby (6, p. 50-563) stated in 1927 that soaking the seed in formalde-
hyde or organic mercury solutions controlled loose smut in 6-row

i Italic numbers in parentheses refer to Literature Cited, p. 18.
; ? This was in Oderbrucker barley Wisconsin Pedigree No. 9. The controls contained 5 to 6 per cent of
nose smut.
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winter barley and reduced its occurrence in certain 6-row spring
varieties. .

In 1929, Howitt and Stone ® reduced the percentage of loose smut
in O. A. C. No. 21 barley fron 10 per cent to 4, 2, and 1 per cent with
solutions of formaldehyde, Sentesan, and Uspulun, respectively.

Tlhese few citations indicate that loose smut of barley gencrally has
been found more diflicult to control than any other cereal smut cxcept
loose smut of wheat. Dust fungicides have not been considered
cffective for the control of this discase and up to the preseut time
celdom have been used for this purpose.

In the fall of 1926 field experiments were started at the Arlington
Experiment Farmn, Rosslyn, Va., to test the eflicacy of certain fungi-
cidal dusts in the control of covered sinut and stripe discase i Ten-
nessec Winter barley. It was observed, during the first year of these
experiments, that these dusts also reduced considerably the incidence
of loose smut, which occurred to a slicht degree in this variety.
Therefore, data were talken on the control of this discase in this variety
of barley, and further sced-treatiment cxperimnents with this and other
varicties were later conducted in order to investigate the possibilities
of controlling loose smut, as well as other diseases of barley, by means
of dust fungicides.

METHODS AND MATERIALS

The general procedure followed by the writer in sced-treatnient
experiments with barley has been described in a previous paper (9).
The dusts were usually applied at the rate of 3 or 4 ounces per bushel,
and the sced was thoroughly mixed with the dusts until every kernel
was completely coated. Then the seed was shaken for a moment in
a fine sieve to remove any excess dust. It was sown in rod rows
usually replicated a number of times for each treatment. Smut
data were secured by counting all the heads of loose smut as well as
the total heads in every row in order to determine the percentage of
infection.

Twenty-scven dusts and two liquid disinfectants were used * in the
course of these experiments. The naines of the dust fungicides used
and of the manufacturers are listed below.

Abavit B, Chemische Fabrik Ludwig Meyer, Mainuz, Germany.

Tutan, 8. ¥. A. No. 225 and No. 225V, Saccharin-Fabrik Aktiengescllschaft,
Magdeburg, Germany.

Hochst (also ecalled “‘ Trockenbeize Tillantin”), J. G. Farbenindustrie Aktien-
gesellsehaft, Hochst a. M., Germmany.

Vitrioline, Usines Schloesing Fréres et Cie., Marseille, France.

. Mercury C and Steroeide, Roessler & Hasslacher Chemieal Co., Perth Amboy,
" Corona S0-B and Corona Oat Dust, Corona Chemical Division of the Pitts-
burgh Plate Glass Co., Milwaukee, Wis.

Bayer Dust, the Bayer Co., New York.

Wa Wa Dust, the Chicago Process Co., Chieago, 11.5

Smuttox, the Stadler Produets Co., Cleveland, Olio.

Sanoseed Grain Dust, Ansbacher Siegle Corporation, New York.

Acco Dust No. 7, Ameriean Cyanamid Co., New York.

3 Unpublished data.

¢ The dusts used in these experimeuts were the only ones submitted to the author for experimental pur-
poses. Their use in these experiments does not imply that any other dusts on the market at that time
might not have proved efMicacious under similar circumstances. The names of the manufacturers are
furnished merely as information, and mentlon of them does not lmply any recommendation of the firms
or their products.

& Now located at Newark, N.J.
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Semesan, Semesan Jr., Dupont Nos. 12, 35, 45, 53, and 64, E. 1. du Pont de

Nemours & Co., Wilmington, Del.
Cercsan, Dubay P. M. A., and Dubay 655 and 665, the Bayer Seincsan Co.,

New York.

Wiecnert’s Compound, F. Wienert, Lock Ilaven, Pa.

The lquid fungicides used were Germisan (made by the manu-
facturers of Tutan) and ordinary formaldehyde solution.

The following varieties of barley were used:

Tennessee Winter 52, C. 1.8 No. 3543.

Wisconsin Winter, C. 1. No. 2159,

Wisconsin Pedigree 6, C. 1. No. 1146,

Wisconsin Pedigree 5, C. I. No. 4666.

Minnesota Velvet, C. I. No. 4252,

Three lots of unknown varieties were secured from different farms
in Wisconsin.

EXPERIMENTS IN 1926-27

During the 1926-27 season, in one series of six treatments replicated
48 times and with 2.5 per cent of loose smut in the controls, Wa Wa
Dust and Abavit B reduced the disease to 0.01 and 0.02 per cent, re-
spectively, while the other four dusts reduced it to less than 0.5 per
cent. (Table 1.)

TarLe 1.— Loose smut in Tennessee Winter barley grown from unireated seed and
from seed treated with dust fungicides and sown in rod rows, 1926-27

[Series 1, 48 replications, sown Oct. 12, in soil 45 per cent saturated; series 2, 24 replications, sown Oct. 16,
in soil 65 per cent saturated]

Seed-treatment conipound Heads of loose smiuit in—

No. Name Series 1 Series 2

[ Number | Per cent | Number | Per cent
I 565 2.5

Control. - [ 243 1.01
Abavit B_____ - 5 .02 0 0
S S DAL No.226-V 29 .10 0 0
Bayer Dust. 62 .20 8 .03
_| Semesan . [ — - 15 .05 0 0
Dupont No. 12 ... ... 10 .04 0 0
Wa Wa Dust___ [ 4 .01 0 0

In another series of six treatments, replicated 24 times in rod rows,
in which the controls showed 1 per cent loose smut (Table 1), five
of the dusts eliminated the discase, while the other dust redueed it
to 0.03 per cent. These results were not considered very significant
on account of the low percentages of loose smut appearing in the
controls.

EXPERIMENTS IN 1927-28

During the 1927-28 season 14 dusts were used in seed-treatment
experiments for the control of loose and covered smuts and stripe
disease in Tennessee Winter barley. Two parallel series were sown.
Series 1 was sown on September 21 in relatively dry soil and series 2
on October 7 in relatively wet soil. The mean soil temperature

8 Accession number of the Division of Cereal Crops and Diseases,
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from sowing to emergence in both series was about 16° C. Very
little loose smut developed in the controls in either series. (Table 2.)

TasLe 2——Effect of seed treatment with dust fungicides on the incidence of loose
smut in Tennessee Winter barley grown in field plots, 1927-28

[Series 1 sown Sept. 21 and grown to emergence in relatively dry soi]; series 2 sown Oct. 7 and grown to
emergence in relatively wet soil]

Seed-treatment compouud Heads of loose smut in—

No. Name Series 1 Series 2

|
Number | Per cent | Number | Per cent
101 0. 4 0.35

Control. ... ... 73 1
Abavit B.__.___. - .06 0
3 11 .08 7 .06
58 .41 10 .07
9 .08 3 .02
59 .39 5| .04
90 .61 15 L12
Mercury * 25 W17 8 .08
Control.._. 109 .68 45 .38
Wa Wa Dust... .02 0 0
_' Semesan_....... 32 .21 3 .02
Semesan Jr. - 45 .30 1 .01
Dupont 35. - 7 .48 1 .01
_ Dupont 45. 38 .26 9 W07
Dupont 53 60 .40 16 - .13
Dupont6d........ 37 .26 10 .08

In serics 1 with an average of 0.7 per cent loose smut in the controls,
Abavit B, Hochst, and Wa Wa Dust reduced it the most, while in
serics 2 with an average of ouly 0.36 per cent loose smut in the con-
trols, Abavit B and Wa Wa Dust eliminated it. These results, like
those of the previous season, were not considered very significant,
because of the light infection in the controls.

EXPERIMENTS IN 1928-29

During the 1928-29 season Tennessee Winter and Wisconsin Winter
barlecys were used in experiments on the control of barley smuts.
The seed was treated with the different fungicides and, along with
untreated controls, was sown in replicated rod rows in three series.
Series 1, containing 20 replications, was sown September 29. This
vielded no data because of total winterkilling. Series 2, containing
four replications, and series 3, containing eight replications, were
sown October 5 and October 18, respectively. The soil temperature
and rainfall records for the periods of emergence in these two series
are shown in Table 3, and the infection data taken May 6, 1929, are
shown in Table 4.
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TaBLB 3.—Soil temperature and rainfall records from dates of sowing seed to dates
seedlings emerged, in experiments on the conirol of loose smut in Tennessee Winter
and Wisconsin Winter barleys sown in rod rows, 1928~29

[Series 1, 20 replications, sown Sept. 29 (winterkilled); series 2, 4 replications, sown Oct. 5, in soil 41 per cent
saturzlned;] series 3, 8 replications, sown Oct. 18, in soil 19 per cent saturated at sowing and 25 per cent two
days later,

Series 2 i Series 3
Days after sowing Soil temperature ‘ Soil temperature
I Rﬂ{" R - Rain-
Maxi- | Mini- all | aaxi- | Mini- | fall
mum | mum | Mesn mum | mum | Mesn
N - | ! i | .
|
°C. °C. °C. Inch | °C. °C. ‘ °C. Inch
8. 24 17 0.13
4. 18 8|
3. 20 1 5
7. 20 6
6. 19 13
5. 17 6
15 | 3
15 2
11 0
15 | 5|
Avorage or total .. -eeeeeemnn 25| 1065|1161 .11 17.4| 6.5
! | | i

1 Not the average of figures above, but of 2-hourly temperatures for whole period.

TaBLE 4.—Loose smut in Tennessee Winter and Wisconsin Winter barleys grown
from unireated seed and from seed treated wilh different fungicides and sown in
rod rows, 1928-29

Series 1, 20 replications, sown Sept. 20 (winterkilled); series 2, 4 replications, sown Oct. 5; series 3, 8

replications, sown Oct. 18]

| Heads of loose sniut in—

Seed-treatinent comnpound | 5 |
Tennessee Winter Wisconsin Winter

No. Name Series 2 Series 3 Series 2 Serles 3

Num- | Per | Num-| Per | Num-| FPer | Num-| Per

ber cent ber cent ber cent ber cent
2.5 209 4.5 55 4.6 194 4.7
0 0 38 .9 b .3 61 1.4
0 0 19 .5 o] o 2 .5
0 0 32 | 1 .1 88 1.8
0 0 72 1.8 4 .3 154 3.6
1 .2 0 [ 4 .3 29 .7

! Treatment: Water 15 minutes, drained and covered 4 hours, 1:320 formaldehy(ie solution 20 minutes,
drained and covered 3 hours, dried overnight.

In series 2, in which the soil was 41 per cent saturated at the time of
sowing, control of loose smut in both barley varietics was better than
in series 3, in which the soil was 19 per cent saturated at the time of
sowing and was relatively dry during the entire period of emergence.

In the spring of 1929, seven dusts and one liquid fungicide were
used in limited field experiments for the control of loose smut in
barley grown from the same lot of Wisconsin Pedigree No. 5 seed
used In a greenhouse expcriment described later. (Table 7.) The
seed was dusted at the rate of 4 ounces per bushel and sown in two
series. Series 1 was sown Mareh 13 in soil of low fertility, and the



6 TECHNICAL BULLETIN 293, U. S. DEPT. OF AGRICULTURE

plants emerged March 24. Series 2 was sown April 6 in rich soil,
and emergence took place April 14. The soil temperature and rain-
fall records for both series are shown in Table 5.

TaBLE 5.—Soil lemperature and rainfall records from dales of sowing seed to dates
seedlings emerged, in field experiments on the control of loose smut in Wisconsin
Pedigree No. 5 barley, 1929

[Series 1, sown in poor soil Mar. 13, emerged Mlar. 24; series 2, sown in rich soil Apr. 6, emerged Apr. I4]

7
l Series 1 Neries 2

Days after sowing ’ Roil tenmperature Soil temperature

————————| Rain. |—————————— Rain-

o e fall
Maxi- . Mini-
mum | Mean mun | omum Sean

l Maxi- | I\[ini-'
mum ’

11

R O O3 NS 0

—

The soil in series 1 was 40 per cent saturated at the time of sowing,
and 0.44 of an inch of rain fell before the plants emerged. The average
soil temperature during this period was 11.1° C. Therefore, the sced
germinated and the seedlings grew to emergence in a relatively cold
dry soil. The smut data, which were taken June 9, are shown in
Table 6.

TaBLE 6.—Loose smut in Wisconsin Pedigree No. 5 barley grown from untrealed sccd
and from seed treated with different fungicides and sown in rod rows, 1929

[Series 1, four replications in poor soil, sown Mar. 13; series 2, two replications in rich soil, sown Apr. 6]

Seed-treatment compound Meads of loose smut in—

Name Series 1 Series 2

Number | Per cent | Number | Per cent
First control. - .. . ... 21 .
oo Ceresan .. _..__..._.__
| Dubay . M. A ..
oo Hbehsto. oL oo
Abavit B __ P
sSecond control. ______ -
_o| Mercury “C” ... ...
ceeo| Corona80-B._.................

S Smuttox_ ... - .. [
Germisan ‘o_.. ... 4

0
2

(=X
o

=3

. orpoo,

Wk &
coococxonocw

CRHRSLOO—S
ccocmo

1 0. 25 per cent solution for 1 hour.

Four of the dusts and the one liquid fungicide eliminated loose
smut, while the rest of the dusts greatly reduced its occurrence in
comparison with the controls from untreated seed, although the latter
averaged only 2.8 per cent smut.
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The soil in series 2 was about 75 per ecent saturated at the time of
sowing, and from sowing to emergence the rainfall amounted to about
an inch. The mean soil temperature during this pertod was 16.1° C.
In this series, therefore, the soil was warmer and muech wetter during
the period of emergenee than the soil in serics 1. No smut appeared
in the rows from treated seed (Table 6), while the smut in the control
rows averaged only 1.7 per cent. Evidently soil conditions in both
series were highly unfavorable for loose-smut development, beecause in
a subsequent greenhouse experiment 38.7 per eent of the plants from
this same lot of seed were infected with loose smut. (Table 7.)

TasLe 7.—Control of loose and covered smuts in Wisconsin Pedigree No. 5 barley
grown from seed dusted with Ceresan and sown in the greenhouse Jannary 5, 1929,
along with untreated seed

[Plants emerged Jan. 11, the final data being taken Apr. 6, 1920}

‘ L.oose smut Covered smut
Row Treated or | Total | Total |_ . o
N untreated | plants heads |
i | Plants infected = 1leads infected | Plants infected | 1leads infected
! | |
| Num- | Per | Num-| Per | Num-{ Per | Num-  Per
ber cent ber cent ber cent ber | cent
i Untreated. i7 a6 35,3 23 41.1 6 35.3 3 23.2
Treated. . 93 221 0 0| ol o o o 00
Tntreated. . 17 37 61 353 10 27.0 9 52.9 17 46,9
. Treated. .. 61 227 0 0 0 0 0 0 ) 0
Untreated. 20 34 6 30.0 6 17.6 13 65.0 19 55,9
Treated. .. 93 223 0 0 O 0 0 O 0 0
Untreated. .. 17 41 10 58.8 21| 5L2 5 20.14 12 20.3
Treated. 95 225 0 0 | 0 0 0 0 0 0
Untreated 20 41 ] 30.0 16 39.0 8 40. 0 8 9.5
| Treated. .. 95 231 0 0 | 0 ] 0 0 0
31 | Untreated.. 20 40 9 45,0 15 37.5 71 350 13 32.5
32-36 Treated. ... i 209 | 0 0 0 0 | 0 0 0
Totals: |
Untreated
seed ... 111 249 13 N7 @ 36,5 48 43,2 82 33
Treated zeed 555 | 1,339 0 f 0 0 0 [ 0 1]
| |

During the winter of 1928-29 a seed-treatimrent experiment of rather
limited scope was condueted in tlie greenhouse on the control of loose
smut in heavily infected Oderbrucker (Wiseonsin Pedigree No. 5)
barley by the use of etliyl mercury ehloride, a then relatively uew
dust which is now marketed under the trade name of Ceresan,
Previously it had been found effective in the control of stripe discase
in barley (70) and of bunt in wheat (8). Tisdale and Cammon (17)
also had reported satisfactory results from its use in the control of
loose smut in Tennessee Winter barley.

The greenhouse beneh used was 40 feet long, 3% feet wide, and 8
inches deep and was filled with rather rich compost soil.  The seed
was treated at the rate of 4 ounces of dust per bushel. It was sown
1% inches deep in rows 6 inches apart at the rate of 20 seeds per row,
every sixth row being an untreated control. The seed was treated and
sown January 5, and the seedlings emerged January 11. The tem-
perature durtg this time was between 20° and 25° €., and the soil
was kept moderately moist.  1n order to hasten shooting and heading
of the plants a 24-hour growing day was provided by the use of eleetric
lights, beginning January 25. On April 6, when all the culins were
fully headed, the plants were pulled carefully and plant and nead
counts were made. These results are shown in detail and also
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summarized in Table 7. Both the loose and eovered smuts were
eompletely eliminated by Ceresan, while in the controls 38.7 and 43.2

er cent of the plants and 36.5 and 33 per cent of the heads were
infected with loose and covered smuts, respectively.

EXPERIMENTS IN 1929-30

The following winter an experiment similar to the one described
above but on a smaller scale was carried out with sced of two other
varieties known to be infected with loose smut. The resultant data
are shown in Table 8.

TABLE 8.—Loose smut in {wo varieiies of barley grown from untreated sced and
Srom seed treated with Ceresan and sown in the greenhouse November 4, 1929

[Final data taken Feb. 20, 1930]

! Untreated seed Treated seed
|

Varfety Total B Total
otg < ota. N F
heads Smutted heads heads Smutted hea
- -— - ._.‘ —
Number | Per cent Number  Per cent
Wisconsin Pedigree No. 6. .. ... ... .. 60 19 31.7 197 1 [0

Unknown variety . ... .. ........... 50 3 | 6.0 204 3%

I one variety, Wiseonsin Pedigree No. 6, loose sinut was reduced
to 0.05 per eent, as compared with 31.7 per cent in the controls. In
the othier variety (name unknown) loose smut was reduced to 1.5
per cent, while 6 per eent oceurred in the controls,

While these greenhouse results with two varieties were very gratify-
ing, it must be borne in mind that, although the conditions for smut
development must have been favorable, judging by the high percentage
in the controls, the eonditions for the maximun efficieney of the
dust fungicide used also may have prevailed to a greater degree than
usually occurs in the field.

In the spring of 1930 six lots of barley sced were used in seed-treat-
ment experiments on the control of stripe disease and loose sinut.
Three of these seed lots, Wisconsin Pedigree No. 5 and No. 6 and an
unnamed variety from Oeonomowoe, Wis., had been used in previously
described experiments. (Tables 7 and 8.) The three other sced
lots were obtained from different localities in Wisconsin and were
known to be infeeted with stripe disease and to some extent with
loose smut.

Quantities of sced of all six varicties or lots were (reated with
different standard or experimental fungicides and sown in paired rod
rows Mareh 20, 1930.  The soil was 40 per cent suturated both at the
time of sowing and at the time when the seedlings emerged. During
this period the rainfall amounted to an inch, and the mean soil
temperature was 7.5° C. Loose-smut data, taken June 4, 1030, and
shown in Table 9, are not verv significant on account of the light
infection in the controls.
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TaBLE 9.—Loose smul in siz varieties of spring barley grown from unireated seed
and from seed treated with different fungicides and sown in paired rod rows,
March 20, 1930

G- i rent sent pompoind Heads of loose smut in—

. b [ Farmers' samples
Wisconstn | Wisconsin i
Nao. Hame Pedigree | Pedigree | M i00eS0ta . R

f J

No. s No.8 No. 1 No.2 | No.3

t
Per Num-| Per Num-' Per Num-| Per
cent | ber | cent . ber cemt | ber | cent
0,

|[Num- Per Num-| Per |Num-
ber | cent | ber | cent | ber

First control 0 0 31 0.5 4l 07 19 24, 2 0| 0
Ceresan. - 0| 0 0 0 3 .5 18] 28, 00 1 .1
Dubay 655 ] 0/ 0 1, .2 7.9 0 0 0 0
Dubay 66: 0 0 0/ 0 2 .3 18 2.3 1 .10 0 0
Abavit B.. 0| 0 0‘ 0 s 7 w20 5 8 2| .2
1 .1 2, .3 3 .4 2 25 1 .2, 2 .2
00 2! .3 2 3 17 21 1. .2 1 .1
0| o vzl oz 11 L4l 12z .2
0 0 1 2, 1 2| 20|25 0 0 2 .2
0 0 1, .2 0,0 2 29, 0 0 | 2 .2
o 0 ] 1 0 0 22| 29 0 0 3 4
9. Sanoseed Grain ‘ | ‘ \
USt . emem e caeene 0l 0 2 .30 0 @ 14 19 0 0 0 0
10.ceeee Acco Dust No.7.., 0 0 2 .3 0 0 18] 2.4 0 0 0| 0
1i-c—.| Wienert’s \ ! I
pound.___ 0 0 1.2 1 2 21| 28 0 0 2 .2
12..... Germisan 1. 0| 0 0.0 [} 10| 2.7 1 . 1 .1

|

|

1 0.25 per cent solution, one hour.

Thev scem to indieate, however, that none of the treatments used
was whollv satisfactory, especially in the variety which showed the
most infection. Here again, in Wisconsin Pedigrec No. 5, it is inter-
esting to note the almost complete absence of loose smut in the
controls, as compared with 36.5 per cent loose smut in the controls
from the same seed lot grown in the greenhouse. (Table 7.) Evi-
dently conditions in the ficld were very unfavorable for loose-smut
development, as compared with those in the greenhouse.

During the erop seasons of 1928-29 and 1929-30 loose-smut data
were taken on 17 varieties of barley grown by J. W. Taylor in Y-
acre plots at the Arlington Experiment Farm. The seed of 13 of
these varieties had been treated with Ceresan as a general disease

reventive. Seed of 4 varieties was sown in triplicate plots, the seed
aving been treated first with Ceresan or Semesan or left untreated.

All the heads of loose smut in each plot were counted and these
data are shown in Table 10. Tn Tennessee Winter No. 52 both treat-
ments eliminated loose smut the first vear, while the second year
Semesan allowed 25 smutted heads to appear in this variety, or 2.6
per cent, as’ much as appeared in the control plots from untreated
seed. In Wisconsin Winter the treatments reduced the amount of
loose smut to an average 3.7 and 6.6 per cent of that appearing in the
control plots the first and second years, respectively. In Orel the
amount of loose smut allowed by the treatments the first and seeond
years was 56.5 and 51.5 per cent, respectively, of that appearing in
the eontrol plots. In Esaw the first year the plots from treated seed
eontained an average of 87 per cent as much smut as appeared in the
control plots while the corresponding figure for the second year was
80 per eent.

91034—82——2
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TABLE 10.—Loose smul in 17 varieties of winter barley grown from seed unireated
or treated wilh Semesan or Ceresan and sown in Yo-acre plots, 1928-29 and
1929-30

‘ I i Total heads loose

Variety smut in—
Plot Noa i o Seed treatment | _ —
! Naine Cy1. No. 1928-29 i 1929-30
2159 | Untreated 3,120 2,100
3 130 113
100 162
24 29
40 40
140 | 80
11 21
64 120
62 100
30 50
40 53
0 11
20 75
58 105
495 960
25
0 0
0 12
4 . 0 6
do_- 3 63 60
Wisconsin Winter.. . 166 Y
__| Tennessee Winter.. 5 5
2,790 702
.| Semesan. . 2,590 606
Ceresan. P 2, 280 520
- 150 43
Beardless Noa 5__ 3T S
| Beardless No, 6._ 7 450 ° 66
Wisconsin Wintes 140 65
.| Nakano Wase_____ ! - | 60 | 20

Since untreated seed of the other 13 varieties was not sown, it is
not known to what extent, if any, loose smut was eontrolled in these.
The data show, however, that it was not completely eliminated in
any of them, although its occurrenee may have been reduced con-
siderably. It scems that some other form of treatnient, presuinably
a liquid, would have to be used to secure complete control of loose
smut in most of these varieties.

EFFECT OF ENVIRONMENTAL CONDITIONS ON THE DEVELOPMENT
AND CONTROL OF LOOSE SMUT

Much has been published on the effect of soil temperature, mois-
ture, reaction and type, and other environmental factors during the
period of germination and early growth on the development of a
number of seed-borne cereal diseases. The rather voluminous liter-
ature on this subjeet has been admirably reviewed by Reed and
Faris (13). However, the relation of environment to the develop-
ment of loose smut in barley seems to have received relatively little
study, as not imnueh on this subject appears in the literature. Seiffert
(15) found that shallow-sown seed produced less infection than seed
deeply sown. This samne result was observed in experiments at the
Arlington Experiment Farm by Taylor and Zehner (16). Lind (11)
reports that the addition of Chile saltpeter, superphosphate, and
potash to the soil, alone or in various combinations, slightly inereased
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the percentage of barley loose smut in six out of seven plots. Kirby
(6) Intimates that infection is favored by soil temperatures higher
than those most favorable for the best growth of the barley seedhing.

While the main purpose of the experiments described in the pre-
ceding pages was to test the relative efficiency of different fungicides
in smut control, incidental observations were made in an attempt to
correlate the relative severity of loose-smut infection with variations
in soil moisture and soil temperature. In Table 1, for example, the
soil in series 1 was about 45 per eent saturated at the time of sowing,
while in series 2 it was about 65 per cent saturated. The percentage
of loose smut in series 1 was twice as great as that in series 2, while
control of loose smut was better in series 2. In addition to the higher
soil moisture, however, a slightly lower average soil temperature in
series 2 may have played some part in this difference.

The same correlation between soil moisture and percentage of loose
smut seems to obtain in Table 2. When series 1 was sown thé soil
was 13 per cent saturated, and when series 2 was sown it was 65 per
cent saturated. Here, again, more loose smut developed in the drier
soil, and better control was secured in the wetter soil.

Again, in Table 4 it will be observed that in Tennessoe Winter
barley 2.5 per cent loose smut appeared in the controls of series 2, as
compared with 4.5 per cent in the drier soil of series 3, and in both
varieties the control of loose smut was better in the wetter soil of
series 2.

Similar differences are evident in Table 6. In series 1, in which the
soil was 40 per cent saturated when the seed was sown, more smut
appeared than in series 2, in which the soil was 75 per cent saturated
at the time of sowing. Control again was better in the wetter soil,
although here again temperature and fertility relations may have
played some part.

The significance of these results, like those relating to control of
loose smut by the fungicides used, is greatly decrcased by the low
percentages of infection in the controls, also by the many unknown
factors which enter into field experiments of this kind. To supplement
these rather fragmentary ficld data on the relation of certain environ-
mental factors to the development of loose sinut in barley and
its control, a number of experiments were conducted in the greenhouse
under more or less controlled conditions. In the first of these Wis-
consin Pedigree No. 6 barley was grown in metal cans 8 inches in
diameter and 12 inches deep, using four lots of soil at 35, 55, 75, and
95 per cent of saturation, respectively. The soil temperature varied
fromn 12° to 18° C. After all the plants had fully emerged they
were transferred to the greenhouse bench, where tg:ey were grown
until final data on loose smut were taken. These data are shown in
Table 11. They indicate that, at Jeast in this variety, a high degree
of soil moisture from sowing to emergence somewhat inhibits the
development of loose smut.
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TaBLE 11.—Relation between percentage of soil saturation from planting to emer-
gence and subsequent development of loose smut in Wisconsin Pedigree No. 6
barley

Plants I Heads
Soil saturation Infected with loose | Intected with loose
W
| Total nfec! esu:;t 00se | Total nfec esmut
|
Number | Per cent Number | Per cent
35 per cent - 356 63 17.7 474 77 16.2
55 pereent oo 325 51 15.7 346 54 15.6
75 per cent ———- 311 37 1.9 327 37 1.3
95 POr CeNb. . o eiiaiiiianaas 139 4 2.9 159 5 3.1

During the 1929-30 season treated and untreated seed of Wisconsin
Pedigree No. 5 barley was used in a greenhouse experiment designed
to show the effect of soil moisture on the development and control of
loose smut. A greenhouse bench 42 inches wide was divided into
three sections each 16 feet long. The soil in these scetions, 1, 2, and 3,
was adjusted to 37, 64, and 73 per cent, respectively, of its water-
holding capacity. The seed was treated with Ceresan and sown
11 inches deep in rows 6 inches apart, and every eighth row was sown
with untreated seed of the same seed lot. Sections 1 and 2 were
covered with canvas until the seedlings emerged, while section 3
was watered daily so that at times the water content of the soil
undoubtedly was much over 73 per cent of its water-holding capacity.
The average temperature in the greenhouse was 15° C. After the
seedlings had emerged a test showed that the soil in sections 1, 2, and
3 contained 25, 57, and 70 per cent, respectively, of its water-holding
capacity.

When the plants were fully hcaded they were carefully pulled and
counts were made to determine tlie percentage of diseasc in each
section. Since considerable covered smut and stripe disease devel-
oped, data were taken also on these diseases. These data are shown
in Table 12.

TaBLE 12.—Relation of soil moisture lo development and conirol of stripe disease,
loose smut, and covered smut in Wisconsin Pedigree No. & barley grown from
untreated seed and seed treated with Ceresan and sown in the greenhouse undcr
three conditions of soil moisture, 1928-29

§

Total Plants infected with—

Soil saturation Treated or un- num- | .

| treated seed ber of |
plants . Strlpe dlsease Loose smut | Covered smut

| Num-| Per | Num-| Per . Num- | Per

| Ontreated ” ber o cegt4 ber . ] cent ber N cent
- reated_______.. 3 2, 3.1

70 t0 73 per centoo. eeeeer J{"’[P;reated.a.. 181 0| o© 1] .8 0, 0
|fUntreated._. 50 4 8.0 (] 12,0 3 8.0

57 to 64 per cent.......... }'{’reated_a__ 136 0 0, 0 0 0
[Untreated.. 82 12 14.8 28 | 341 15| 182

25 0 37 per cent...cccooee Treated... 169 i o] o o, 0
Untreated [ 196 2 112 42| 2.4| 2 102

Total or average-.. {Preated. . 516 i } 2 1 { 2 0 0

o - . - N ‘ ‘

In the controls all three diseases developed most abundantly at the
lowest soil moisture. Contrary to expectations, however, the only
smutted plant from treated seed was found growing in the wettest
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soil. However, it was in a row adjacent to a control row, and sinee
this section had been watered freely after being sown, it is probable
that an untreated infected kernel was washed from the near-by eon-
trol row. On the other hand, the only stripe-diseased plant from
treated seed was found in the driest soil. The results from this
experiment are in agreement with those from the preceding experiment
as far as soil moisture and loose-smut development are coneerned.

In another experiment seed of Wiseonsin Pedigree No. 5 barley was
sown in 8-inch cans in each of 16 soil-temperature tanks to determine,
il possible, the influenee of soil temperature and soil moisture upon
loose-smut development. Four soil temperatures were maintained:
10°, 15°, 20°, and 25° C. In each tank the soil in half the numnber of
s-ineh cans was adjusted to 74.1 per cent and in the other half to
12.5 per cent of its water-holding capacity. The construction and
operation of the equipment used have been previously deseribed (7).

When the plants reached the third-leaf stage they were transplanted
10 u greenlouse beneh, where they were allowed to grow until fully
headed. When fully headed the plants were pulled and eounts made
of healthy and diseased plants and heads. (Tables 13 and 14.)
The data presented in Table 13 indieate that the higher soil temper-
atures were somewhat more favorable for loose-sinut infeetion, espec-
iallv in the wetter soil. However, there was not enough reduetion
in the percentage of loose smut at the lowest temperaturo (10° C.)
to explain its almost total absence in plants grown from this same
lot of seed in the field at slichtly lower and higher average soil
temperatures. (Tables 6 and 9.)

TaBrr 13.—Loose smul in Wisconsin Pedigree No. 5 barley grown from naturally
‘noculated seed sown in the greenhouse, the plants being grown to the fourth-leaf
stage under controlled conditions of sotl lemperature and soil moisture, 1929-30

Soil 74.1 per cent saturated S0il 42.5 per vent saturate

Mean -
‘Replication No. soil tem- . [
Derature Il]eo;;: Smutted heads g&[g; Smutted heads
| T ‘ )
e, Number . Number | Per cenl | Number | Number = Per cent
- 24.7 | 92 ! 43 46,7 95 38 . 40.0
2 5.3 81 37 80 32 40.0
s - 25.2 87 : 33 67 16 23.9
t 2.7 | 93 20 84 ’ 20 23.8
T 353 | 142 | 32| 06 325
. R 19.8 o2l 3t 8 Yy 97,2
e . 20.0 80 31 81| 25 | 30.9
B o eecememmmmmmmcecmaccaoas 20. 4 8% 40 94 37 39.4
R R 19.8 90 34 } 84 21 25.0
139 L7 340 105 30.9
2 6 m 28 301
15 1 80 22 27.5
25 2 1 x0 22 27.5
29 .5 0 19 211
97 30.4 | 343 Yl 26.5
15 20.8 | 7 27| 3.0
14 19.4 | 75 16 21.3
11 17.2 79 15 19.0
2% 35.4 l ) 20 28.2
08 3.7 208! 75 2.2
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TaABLE 14.—Stripe disease, loose smut, and covered smut in Wisconsin Pedigree
No. 5 barley grown in the greenhouse from naturally tnoculated seed, the plants
being grown lo the fourth-leaf stage under controlled conditions of soil temperaturc
and sotl moisture, 1929-30

Soil 74.1 per cent saturated Soil 42.5 per cent saturated

Me_aln

. . . 501 — —— — o I

Replication No.

! tertnper- Stripe | Loose , Covered | Stripe « Loose ‘ Covered
ature disease smut smut disease smut | smut

°C. Per cent | Per cenl | Per cent | er cent ;. Per cenf | Per cent
0.3 .9 3 40.0 32.0

24.7 . 5.3 ‘
25.3 6.5 403 28,6 7.8 35.1 27.3
2505 | 2.5 37.0 3.3 45 230 30,0
207 12 325 94 69| 29 315
2 | 47| 34| 3.8 6.2 30.5 30.1
1 . . 0.8, 13.6| 308 4.9 1.4 26.6 | 54.4
2 : 2.0 17.7 33.0 38,0 79 28.9 7.4
3. : . 20,4 16.4 39.7 11 18,0 32,6 449
VA B 19.§ 54| 30 417 19.3 229 43,4
Average .. I 200 6.6 33 42.2 14.4 27.8 276
1. 16 18.5 8.4 38.3| 120 246 36,3
20l A 15.3 84 20.8 116 20,9 25.5 36,0
3 15.1 15.8 29,2 25,0 o5 227 2.4
P . 151 14.9 2.4 B2z, 12 20.4 32.2
Average.. .. L 15.4 16l 2.4 M8 12 2.2 a1
1.3 22,0 165 2641 1n7 301 18,1
10 20.0 153 28,2 9. 6 16.9 | 6. 1
10.7 20.0 13.8 36.3 8.5 18,3 39, 0
|07 15,1 201 B.2) 130 234 31,2
Average. .| 107 19.3 18.7 3.1 LT 22.2 311

H

It will be observed in Table 14 that in 12 of the 16 tanks, and at
three of the four temperatures, more loose smut developed in the
plants grown in the soil which was 74.1 per cent saturated than was
found m the plants grown in the drier soil. These results which,
according to Student’s method (12), are significant by odds of 60 to 1,
are somewhat the reverse of results obtained in previous experiments,
as shown in Tables 1, 2, 4, 6, 11, and 12. In these experiments the
soil temperatures invariably were relatively low during the periods
of emergence, and in no case were they as uniforin as that of the soil
in the constant-temperature tanks. It is possible that fluetuating
soil temperatures may affect loose-simut development differently
than does a constant soil temperature. This remains to be deter-
mined.

Reed and Faris (13) refer to soil moisture, soil temperature, and
soil reaction as “interdependent factors” and infer that the “optimnm
temperature {or infeetion” may change with a change in the other
interdependent factors. 1In line with this theory it will be noted that
shightly more infeetion occurred in the drier soil at 10° C. than in the
wetter soil and that at the other temperatures the reverse was true.

The true relation of soil temperature and soil moisture to loose-smut
development in these experiments, however, may have heen obscured
to a econsiderable degree by the interaetion of stripe discase and
covered smut which developed to such an extent that data on the
pereentage of plants affected by these diseases as well as those aflected
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by loose smut are shown in Table 14. Stripe disease varied in
severity from 1.2 to 22 per eent, while eovered smut varied from 18.1
to as high as 54.4 per ccnt in the different replications. To what
extent these diseases inhibited the development of loose smut is a
question, but undoubtedly the presence, to such a great extent, of
two other competing fungi, the development of both of which also are
affected by variations in soil moisture and soil temperature, 1nasked to
some extent the true response of loose smut to these environmental
conditions and in a sense defeated the purpose of the experiment.

During the 1930-31 season an experiment similar to the one de-
seribed above was conducted in the constant-temperature tanks (7) in
the greenhouse with a lot of barley seed known to be relatively free
from diseascs other than loose smut. The seed used was of an un-
known varicty grown on a farm near Oconoinowoe, Wis., and had been
used in two previous cxperiments. (Tables 8 and 9.) The approxi-
mate soil temperatures used were 10°, 15°, 20°, and 25° C. At cach
temperature the soil was adjusted to four different percentages of
its water-lolding capacity, namely, 30, 50, 70, and 90 per cent.
Two depths of planting, 1) and 3 inches, were employed at cach tem-
perature aud each moisture.

The seed was sown November 3, 1930. The lengths of time re-
quired by the differently environed scedlings to emerge are shown in
Table 15. When the plants had reached the fourth-leal stage, they
were transferred to the greenhouse bench.  Ilere they were exposed
to an 18-hour day until they were fully headed, when final data were
taken. These data, presented in Table 16, were disappointing hecause
the percentages of smut which developed were too small to show anv
significant differences in infection due to soil moisture, soil tempera-
ture, or depth of planting the seed. In a previous greenhouse experi-
nient in which a soil temperaturc of about 15° C. had been main-
tained (Table 8), 6 per cent of loose simut had occurred in the plants
erown {rom this same seed lot. It had been thought possible that
much higher percentages of infection might he obtained under differ-
ent conditions and thus yield results of value, but this did not prove
to be the casc.

TasLe 15.—Influence of soil temperature, soil moisture, and depth of planting on
the number of days required for emergence in barley

Days reqnired for emergence of barley seedlings grown fromn seed sown at depths
and in soil with percentage of saturation shown

30 per cent 50 per cent

Temperature of soil

i 70 per cent 80 per cent

| 1
1.5inches| 3 inches |15inches| 3 inches !1.5inchcs 3 inches {1,5inches’ 3 inches
i

16 18 13 15 1
10 12 8 9

<
=5
ES
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EYER )
(R PR o
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o

7
8 9 5 6
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TisLE 16.—Resulls from an experiment designed to show the effect of soil moisture,
soil temperalure, and depth of planting upon loose-smut infeclion in barley,
193081

Results summarized as

Smutted plants from seed sown 3 Inches deep in soll maintained at— to soil molstare
Soil satura-

tion T T T . = T :rv B -
10° C. 15° C 20° C. | 25° C. plguats Infected plants

Num- Per | Num- | Per | Num-| Per l Num- | Per Num- | Per

ber cent I ber cent ber cent | ber cent ber | cent
30 percent__ 2 2.0 1! 1.0 | 4 4.8 1 12 365 8 2.2
wpercent_-? 1 1.0 | 4. 4.9 5 6.8 5| 6.1 336 15 4.5
70 percent. . 6 6.4 1, L3 3 3.8 1 1.2 331 o 3.3
90 percent. . 6 5.6 | 3 3.4 4 4.3 1 1.0 395 L} 3.5
Total_. ... 5] 8.7 9 20 18| 49 8| 23 L427 48 3.4

Swinutted plants from seed sown 1.5 inches deep in soil maintalned ' Results summarized a
at-— to soil moisture

Soil sutura- - = —

tion
° = Total
10° C. 15° C. 20° C. 25° C. 1 plants Infected plants
- . [ [ 1

Num- Per | Num- Per | Num- | Per | Num- | Per | Num- Per

ber cent ber cent ber | cent ber | cent | ber 1 cent
80 percent . 1 1.0 2 2.0 3 3.5 4 5.8 354 10 2.8
50 per cent__| 4 3.9 2 1.9 3 3.4 3 3.7 376 12 3.2
70 per cent__| 0 0 5 5.4 | 3 4.2 0 0 354 8 2.3
90 per cent__ 2 | L5 1 .8 2 L3 L v 4B 6 13
Total..... 7 [ 2.4 i 11 | 3.1 ‘ 8 1 2.3 ‘ 1, 562 6, 23

el

In the experiments with Wisconsin Pedigree No. 5 barley, described
above, the percentage of infected plants from one lot of naturally
inoculated seed varied from a slight trace to over 40 per cent. The
low percentages of infection (trace to 2.5 per cent) occurred in the
field, and the high percentages (12 to 40 per cent) in the greenhouse.
In the ficld the average tcmperatures during the periods of emergence
ranged from 9° to 16° C., while the soil moisture varted from 40 to 75
per cent of saturation.

This range of soil temperature and moisture conditions was dupli-
cated in experiments in the greenhouse (Tables 12, 13, and 14), yet in
1o case was less than 12 per cent of loose smut obtained. Tt seems
evident that some other unknown factors inhibited the development
of loose smut in the field and stimulated it in tho greenhousc. The
possible influence of fluctuating soil temperature in this connection
has been mentioned. Faris (2), however, working with barley-cov-
ered smut, sccured more mfection at a varyving temperature than at
any constant temperature. He also found that the optimum tem-
perature for infection varied with the soil reaction from 10° to 20° C.
While soil reaction may exert some influence on loose-smut develop-
ment, it is hardly probable that, in this casc, it was responsible for the
Iack of infection in the ficld, because the soil in the greenhouse and in
the field was of the same tyvpe.

It was thought that the development of loose smut might have becn
greatly influencced by the abnormally long growing day maintained in
the greenhouse by means of elcetric lights. Garner et al. (3) found
that in certain plants the length of the daily light period may deter-
minc not only the quantity of carbohydrate produced but also its
form, 1ts utilization. the acidity of the sap, and the water content of



DEVELOPMENT OF LOOSE SMUT IN BARLEY 17

the tissues. To determine whether the length of the daily light period
would influence the development of loose smut, seed of Wisconsin
Pedigree No. 5 barley was sown December 5, 1930, in two sections of
the greenhouse bench. One section was given a daily 18-hour light
period until the plants had headed. The other seetion reeceived no
artificial light. To vary the experiment, half of the seed in each
section was artificially smutted with spores of loose smut.

The plants exposed to a daily 18-hour light period were fully headed
by March 10, at which time data were taken on the percentage of
plants infected with loose and covered smuts. Similar data on the
plants which had received a normal daily light period could not be
taken until April 15. These data, presented in Table 17, show that
the high percentage of loose smut in this variety of barley in previous
greenhouse experiments could not be attributed to the abnormally
long daily light period to which the plants had been exposed. Table
17 shows that slightly more loose-smut infeetion occurred in the
plants receiving a normal daily light period than in those exposed to
additional artificial illumination. This held true for the plants from
both smutted and unsmutted seed.

TasLE 17.—Effect of two different daily light periods on the percentages of loosc and
covered smuts in Wisconsin Pedigree No. & barley grown in the greenhouse
(December, 1930, lo April, 1931) from seed which was naturally inoculated with
both smuts, and half of which was also artificially inoculated with spores of loose
smut

Plants infected with-—

Length of datly tight Seed artificially smutted plamt .

period or not i N
crown Lot g1t Covered smut
| Nuymber | Precenl Nunber | Perocend
: Not smutted ........ 165 &5 1 i€} i,
le-hour day ... {Smuued.. : 0 | T 53 It M
- ’ Not sirutted 155 H2 1] Tl R T
Normal day... SR {,\‘muttvd _: 1thd i oA

It is probable that other conditions of growth in the greenhouse,
different from those in the field, were responsible for the high percent-
ages of loose smut consistently obtained in the greenhouse. ~Among
these may be mentioned the diminished intensity of the light in the
greenhouse, which, by making the plants nore suceulent, may have
favored the growth of the smut fungus.

SUMMARY

From the field experiments and observations described it seems
evident that dust fungicides are not effective in the control of loose
smut in barley except in certain varicties. In those varieties, such as
Wisconsin Pedigree No. 5 and Tennessee Winter No. 52, in which
natural seed inoculation by the loose-smut fungus evidently takes
place somewhat like that by the organisms causing covered smut or
stripe disease, the more effeetive dust fungicides will control the
disease. In varieties in which most seed inoculation by the loose-smut
fungus takes place apparently like that by the fungus causing loose
smut in wheat the hot-water treatment is the only one known to be
effective in controlling the disease.
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Very wet soil (about 90 per cent saturated) seems to inhibit some-
what the development of loose smut and favors its control by dust
fungicides. Very dry soil, containing barely enough moisture to
bring about germination and eimergence, seems to be conducive to
loose-smut development and unfavorable to its control by dust
fungicides. Between these two extremes, other conditions remaining
the same, variation in soil moisture does 1ot seemn to aflect greatly
the development of loose siut in barley or its control, the percentage
of infection usually being less than in very dry soil and more than in
very wet soil.

A\ relatively high soil temnperature before emergence seems to favor
loose-smnut development more than does a low soil temperature.
From 20 to 100 per cent more infection occurred at 25° C. than at 10° C,
in Wisconsin Pedigree No. 5 barley grown from naturally inoculated
seed. Other factors, however, such as the interaction of other dis-
cases caused by seed-borne organisms, may have been largely
responsible for these results.

On the whole the data relating to the effects of envirommnental
factors on infection by the barley loose-sniut fungus are somewhat
fragmentary and incomplete and are presented here more as a pre-
liminary than as a final report. More extensive experiments with a
number of varieties are desirable to establish more deflinitely the
relations of these different factors to loose-smut infection in barley.
There are indications that the influence of environment is not confined
to the period of germination and carly growth, but may extend over a
considerable part of the life of the plant.
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Plant Quarantine and Control Adminis- Lrr A. Strong, Chief.
tration.

Grain Futures Administration . .. .______ J. W. T. Duvey, Chief.

Food and Drug Administration_ __.________ WarTter G. CampBELL, Director
of Regulatory Work, in Charge.

Office of Experiment Stations_ . ... ____ . __ James T. Jarping, Chief.

Office of Cooperative Extenston Work__.__ .. C. B. Smirm, Chief.

Library- - - oo CrLariBEL R. Barnert, Librarion.

This bulletin is a contribution from

Bureau of Plant Industry_ .. _ - ___________ Winniam A. Tavior, Chief.

Division of Cereal Crops and Diseases-. M. A. McCaLw, Principal Agrono=
maist, in Charge.
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